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METHOD AND APPARATUS FOR SENSING POSITIONS OF DEVICE 
ENCLOSURES WITHIN MULT I -SHELF CABINETS 

BACKGROUND OF THE INVENTION 
Field of the Invention. 

The present invention relates, in general, to computer 
systems and mass data storage systems and subsystems, and 
more particularly, to a position sensing system and method 
for use in automatically and passively determining physical 
locations of device or other enclosures within data storage 
system racks or cabinets having multiple shelves or 
enclosures . 

Relevant Background. 

In the computer industry, there is ongoing and 
increasing demand for data storage systems with more 
capacity as well as improved reliability. The use of RAID 
(Redundant Arrays of Inexpensive Disks) systems has 
significantly enhanced data storage reliability by providing 
redundancy, i.e., failure of one system component does not 
cause loss of data or failure of the entire system. 
Although initially RAID systems generally provided redundant 
disk drives, more functional redundancy has recently been 
provided by extending redundancy to device enclosures. 
These enclosures may include a number of components such as 
power supplies, cooling modules, disk devices, temperature 
sensors, audible and/or visible alarms, and RAID and other 
controllers. To provide functional redundancy, the 
enclosure typically includes an extra one of each of these 
components that is needed for proper functionality. For 
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. , mav be provided such that if 
example, two power supply ^ J ^J, " ^ °' 
one fails the remaining power supp 

providing adeguate power. ^ ^ 

A data storage system, e - g " cabinets or racks 

or complex, includes The system la adapted £ or 

eac h holding multiple tQ upgrade or modify 

replacement of individual enclosure . If an 

or in some cases, to serv 
the system or m nrtio nal redundancy, e.g., 

enclosure no longer has funct-a wil l 
its power supplies has farled y supply . TO 

replace the entire «^ "J**..^ enclosures, it 
facilitate replacing or ot iocation and 

13 necessary to first rden r y th ^ ^ ^ and 
operating status of each en * ^ ^ status o£ each 

,GUI) • . al iocations of components, such 

Previously, the physical loca ^ ^ ^ 
a3 enclosures, in data storage y ^ th . 

, into datahases used hy on the GUI . However, 

iocation to the system «<^ n . to hu man error in 

U» manual entry process rs ^ iocation 

initially entering the ^ta and P ^ ^ o£ 

information as the system r ^ ^ I£ the iocation rs 

25 cabinets and «^«" most like ly will remove and 

incorrect, the admrnrstrator . ^ ^ ^ sampling 

replace the wrong d posit ion detection 

and polling have resulted ^ due to 

— rr, — - — and added 

on noise, linitiiiy 

so£ tware monitoring complexrty. 
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Hence, there remains a need £or an improved method and 
apparatus for identifying the physical location of each 

F ~4-~™ PrpfprablV/ such a 

a Hat-a storaqe system. freierdwiy/ 
enclosure in a data sLuiayc j 

sys tem would support field replacement of individual 
enclosures, would not interfere or reduce data transfer or 
other functionality of the enclosures or included 
omponents, and would provide enclosure, shelf, and cornet 
identification information for each enclosure within a 
sy stem independent of its address on a fibre channel loop, 

SUMMARY OF THE INVENTION 
Th e present invention addresses the above discussed and 
additional problems by providing a cabinet for physically 
st orm g and communicatively linUng compute devr ,s 
cabinet includes shelves adapted for racking or hold ng 

enclosures. Significantly, the cabinet includes a 
a inet cable linred to each of the shelves that is 
to provide a unigue shelf identifier signal to each of the 
helves. To allow an enclosure to be located within a data 
storage system having numerous cabinets, the cabinet 
includes a device, such as a cabinet environmental 
Z ioring unit { M» , for providing information 

If to each of the shelves .such as a unigue 
umber, . The cabinet cable is made up of a plura rty o 
serially connected jU nction boxes each including frrs set 
25 of sensing wires and a second set of sensrng wrres. A side 
" nnector'is also included in the cable and lin*e< .to 
the shelves for providing the shelf identifier srgnal 
the first and second sets of sensing wires. 

T o provide a different shelf identifier signal at each 

■ k v the function boxes are wired such that each of 
30 junction box, the junci-xoi. ,,.,„„ 

■ , h . first set are moved one position 
the sensing wires in the first set ar 
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ana each of the sensing wires in the second set are moved 
one Position prior to the connection to an accent junction 
eox. in this fashion, the physical iocation o £ the she f 
uit hin the cabinet is identified by its connection point 
fk „ rable to allow each of the junction boxes to 
along the cable. T ° ^ Junction b ox 

provide unique identifiers to r 

further includes an additional side connector linked to the 

sensing wire that is linKed to the side connectors 
additional sensing wire is alternately grounded and 
ungrounded at each side connector to alter the shelf 
identifier signal. In one embodiment, it has proven useful 

e second set of wires include 4 sensing wires to provide 
at least 24 of the unique shelf identifier signals within 
the cabinet cable and up to 4 8 in some situations. 

In service, the cabinet typically includes a device 
enclosure on one of the shelves comprising a processor such 
as an EMU , for processing the unigue shelf identifier to 
determine a physical location within the cabinet The 
processor generally then includes the determined physical 
iocation and the cabinet identification information in 
essages transmitted outside the enclosure to 
identification and mapping of every enclosure wit n 
storage system. The processor can determine the physical 
iocation by retrieving a shelf identifier from enclosure 
m emory using the received shelf identifier signal 
embodiment, the received shelf identifier signal is a 8 bit 
ignal that is converted to a 4-bit shelf identifier by the 
, ^cesser for inclusion in messages along with the cabinet 
identification information. 
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rrTr „ ™, e r»TPTIOH OF THE DBAWIHGS 

ns 1 is an Illustration of a data storage system or 

" wlt h cabinets having multiple shelves incorporate 
complex wiui ^ position 
a cabinet bus that provides, at least rn part, 
detection technigues of the present invention; 

. FIG. 2 is a simplified bloc, diagram of an exemplary 
device enclosure that may be positioned on a shelf of the 
cabinets of FIG. 1 and for which a physical positron can be 
sensed by the data storage system; 

FIG. 3 is a wiring diagram of a portion of a cabinet 
cable illustrating the 3-, wiring arrangement used » 
embodiment of the invention to provide unrgue drgrtal 
identifiers to each shelf location in a cabrnet. 

FIG 4 is a table illustrating shelf identifiers 
5 gained' using an eight-wire arrangement in a cabinet bus 
with 30 shelf spacing; and 

FIG 5 is a table similar to that of FIG . 4 
iUustrating shelf identifiers obtained in an --natrve 
eight-wire arrangement in a cabinet bus to support 10 
►0 spacing. 

B , rTirr Mff^pTpTTfiH OF THE PFFFKFPBD EMBODIMENTS 

Th e present invention is a system and method of 
determining or sensing the position of an enclosu o «th 
device within a multi-shelf cabinet and wrtbrn , so 

• „ * nluralitv of such cabinets or racks. 

25 ::iz:z z 2:s:l:> ^ — - 

The inven each enclosure , 

or cable in each cabmet that is 

-, -4-~v nmrpssor or unit ^tilYlUJ . 

„ t-o the environmental monitor processor 

re' Cabinet cable is divided into two sensing portions that 
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are used to provide position signals that give a unique 
identifier for each shelf location. The EMU is 

,„„ orocess the position signals from the sensing 
to receive and process uie f 

portions to define a physical location within a 
fh specific cabinet is determined from a cabinet identifier 
rovided by another processor such as a cabinet EMU provided 
L each cabinet to facilitate intercabinet 

In one embodiment, one sensing portion includes three wires 
nd one portion includes four wires that when coined h 
a grounded wire provide an eight-bit shelf identifier that 
is arranged (with junction crossovers and other ea u s 
explained below, to provide twenty-four unigue shelf or 
cab net position identifiers. The invention thus provides 
electrically passive method of identifying the location 
of each enclosure on a shelf within a data storage complex 
° e by shelf and cabinet identifiers. Thus, the invention 
rovide a method and system that reguires no active members 
other than active components in enclosure EMOs as discussed 
oelow that can be replaced, in the cable or bus itself, 
thereby significantly enhancing system reliability. 

Figure 1 illustrates a data storage system 10 that 
provides components that function in combination to provide 
the enclosure position sensing features of 'he present 
invention. As shown, the data storage system 10 has f st 
and second cabinet 20, 50 (although typical systems 1 may 
n,ve many more cabinets 20, 50, each having a plurality 
belves 24, 54. The shelves 24, 54 or shelf locations are 
configured to allow an enclosure (such as the device 

closure 100 of Eigure 2, or other components to be Plugged 
into and supported within the cabinet 20, 50 ™>~^ 
cabinets 20, 50 configurations call for 14 shelves 24, 
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54 that each occupy a certain amount of rack space, such 
3 retma <», which is a standard mounting, unit merest. 

Each shelf 24, 54 (and more particuiarly. the enclosure 

loop M , 5 S that enables access by and dat, . low « 

frAr 30 40 The data that is passed typically 
: 1 Services ,»> data and commands sets an 

im r antly, inciudes position intonation 
the shelf position and cabinet number or other ^ 
the shell P p erso nal computer (PC) , a 

The host computer 30, 40 may oe a v 

™.„, „ «... «— ■ •>••"••" m ' 

tor 32 42 and provides enclosure position information 
a monitor 32, 4/ ana p 

or 3 L: o s:ih as . — — - 

the me , to allou .formation from — 
shelves 24, 54 to be requested, retrie , 
to users at a location remote from the cabinets 20, 50. 
Significantly, the cabinets 20, 50 include cabinet 
fiO 62 that are configured to passively provide 
busses 60, 62 that ar ^ helves 24, 54 that 

° r^LST. »: aWMt busses «, 62 ai SO ^ 
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an out-of-band (external to any fibre loop, communrcatron 
pat h between the shelves 24, 54. The cabinet busses , 
are divided into a number of Junction boxes 66. 6B As 
shown, eaob Junction box 66, 68 is linked to two shelves 2 
54. Each Junction box 66, 68 inoludes four co nect or., uch 
as M -45 oonnectors, for oonnection to the shelve, 5 
a nd adjacent Junction boxes 66, 68 and/or ten. to . The 
busses 60, 62 further include a top terminator 70, 72, and 
busses 62 COInpon e n ts 

bottom terminator 74, /o. 

ar e explained in more detail with reference to Ergure 3 that 
"lustrates an exemplary wirin g arrangement for a portron of 
the busses 60, 62. 

in the illustrated embodiment, each cabinet 20, 50 
includes a cabinet EMU 86, 88 that provides cab.net 

Nation such as a cabinet identifier 
the like that is passed via the cabinet bus 60, 62 to 
shelves 24. 54 for use by an enclosure in sensing or 

{(k . enclosure within the system 10. 
determining positron of the enclosure 

The cabinet EMUs 86, 88 are optional but when rncluded 
botto, terminators 7 4, 7 6 are not reguired and are no 

cn £9 ^nd the cabinet bFius 
included in the cabinet busses 60. 62, and 
86. 88 are adapted to provide the termrnatron feature 

cypi cally also acts as a firewall and router for S 
, information. In this regard, the cabinet EMU 86 88 is 
Id to a communication link or network 88 (such as a 
ate Ethernet, that allows the EMU 86 88 to broadcast 
SES data for all shelves or groups of shelves 24, 54 to 
e cabinet EMUs 86, 88. The cabinet EMU 86, 88 frlters 
0 he received SES data and forwarded to the cer-pon 

c v, 0 iwps 24 54 by group (e.g., the received 
enclosures on shelves £<i, y « 
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SES data is rebroadcast via th e ca-ne us ^ , £D 
csbinet EMU also transmits srg 1 o r dUplaying status 

* n \:ZlZL ™^ shelves M . «. 

in£ ormatro„ - " device enclosure ,00 

Fi9Ur :. " ention is configured to receive 

th ,t accordrng to the n ^ l0l 62, 

passive position signals from t „« (ro m 

pr ooess the signals includrn, c * ^ 
the cabinet EMU 86, 88 (or another P ^ 
the enclosure position in- a ^ ^ ^ 

colter 30 (or 40, . Note he te ^ ^ ^ ^ 10 0. 
components within a cabrr , t , ^ ^ used 

In this appUcatron, she! ^^.^ „ ithin , 

to identify a locatron, •■«•' or othet 

component «s, r ^ ^ ^ 

Th e GUI host 30 0 

or host adapter capable ? repo rting) the 
slg nals and displaying "^J^cally will also 

) enclosure position to a us ^ ^ ^ 

be used to communrcate SES da ^ ^ The 

channel loop 28, 58 to and from t ^ ^ 

flighted path from the ^ ^ 3 ' ^ SES da ta. 

one exemplar, path in the en u 1 ^ ^ ^ bus 

;5 The enclosure 100 rs a ^ „ and she lf position 

^rr^r- - - - 62 «- sxpiained 

oelow) . . /^.vn,,,- (I/O) module 

mo includes an input/output U/ 
Th e enclosure 100 inciu { . bre 
, . . n the fibre channel loop 28, 58. 
104 linked to the arbit rated loop and 

channel loop 28, 58 is typrcally 
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aiUlu y , j = nath through a disK 

v, „ lines 108 with one data patn emu y 
(as shown by lines i the enclosure 100 may 

drive 116 shown) the I/O module 104 the e 

have two redundant loops with two ^^•^■ pl ^ llty 

m odule 10, acts as - ^^^7,0 -ule 10, 
of disk devices or disk drives lib. 

•«. 119 for each disk drive 116. me 
includes a bypass circuit 112 for 

• 112 can redirect the fibre loop 108 to 

bypass circuit 112 can reun u . nn inft If 

an EMU 130 is inched in the enclosure ™ _ 

be used to control the bypass crrcurts 112 vra the 
160 and I/O -dole 104. « no EMU 130 is presen the 
modules can he configured to control the bypass crrcurts 
112 . 

* number of standard disR devices may be utilised for 
th e dis^r ves 116 to practice the invention. For example, 
rore.bodi.ent, the dis k drives lie are select to ^ 

«— - -^rrr^rre : iciLntr ^ — 

the "SFF Commrttee, SEE 806 P 19 , 
connector „/Bi-directronal ESI, Rev. , 
19M . R n Enclosure Services Interface (ESI, bus 
provid ed t0 facilitate position and SES data to b as, 
^v,o FMU 130 and the GUI host 30, 4U. 

: ::: Luo, to .u« *» EMU «, provide 

enclosure position and SES data signals without occupy an 
^ on the fibre channel loop 108 (although rn some 
embodiments the EMU 130 may be directly linked to the host 

30, 40) . 

■-rrr::; ;:.t.«~ ... ....... - - ••■ 
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Significantly, the EMU 130 also function, to process and 
forward passive shelf identifier information and cabrnet 
identifier information from the cabinet bus 60, 62. To thrs 
end the EMU 130 includes an ESI controller 132, an EMU 
processor or CPU 134 (linked via I/O latch 158 to the 
cabinet bus 60, 62,, and a controller area network (CAN, bus 
controller 156. Memory is provided for use by the CPU 134 
and may take many forms such as that illustrated of RAM 138 
(such as 256 K) , flash memory 140 (such as 512 K) , and 
EEPROM 142 (such as 2 K, . Figure 2 illustrates the cabinet 
cable or bus 60, 62 connected to the CAN bus controller 156 
to allow the EMU 130 to obtain the shelf identifier signal 
and obtain CAN signals. <Tn other embodiments not shown the 
EMU 130 or other enclosure processor may obtain the shelf 
identifier or number from other wires on the cabinet bus 60, 
62 connected to other components of the EMU 130 of the 
enclosure 100?} 

The EMU 130 further includes memory 144 in the form of 
H K EEPROM that is typical of many printed circuit 
assemblies and may be used by the EMU 130 for storage of 
type and revision information, worldwide names, serral 
numbers, and similar information. LED controls 146 and an 
input and output display 148 are provided for operatron by 
the EMU CPU 134. An I2C controller 150 and temperature 
sensor 152 are provided and linked to the I2C bus 160 which 
provides a communication path for the EMU 130 to receive 
status information from and to send control information to 
al l of the elements of the enclosure 100. The enclosure 100 
further includes I/O module 104, memory 162 and backplane 
memory 164 linked to the I2C bus 160. Redundant power 
supplies 166, 168 are also provided and linked to the I2C 
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, 170 for the enclosure 100 may also be 
b us 160. A LCD pane 170 for ^ ^ ^ 

provided and linked (by the EM0 

th e 12C bus 160 (or receiving control srgn 

130 " ^ of the invention, the 

enclosure 100 passrvely recei £ier £ot the shelf 

- to deterge a unigu e d. , t ^ is 
24 , 54 upon which the .no e r p ^ ^ ^ ^ 

achieve d with the use o th ((i 68 that each provide 

includes a serres of ,unct o ^ !4 , M (such 

a unique shelf identify fo compr ised, in 

, i e \ The cabinet bus ou, 

as for 2 shelves) . ^ sets or gro u P s 

part, of wires that are pos ition signal 
that work in — . ."vlrtical position 
that identifies "two sensing sets are used along 

■ „ithin the cabrnet 20, ■ ver bet »een junction 

»ith alternate ^-^^ „ signalin g of shelf 

*»" «' 68 " PIOV ; : r of shelves 2,, 51 to 

identifiers, ^pendm on th combinat ions of 

- wenti£ /i:: 'jtrJi. - -» - - - - 

nUmbSt ; 0 5 and and 3. and the like. 

referred embodiment of a cabinet 
Figur e 3 shows on p e t ^ ^ 

bu s 60 that provrde s 2 u, , o£ ^ 

in tabular form in Frgure 4, junction 

cab i„et bus 60 is provided * at 9 J., 66 typlcaU y 

~~ « — Tarir ( lost cabinets 20, ,0 to 
will range between 7 and cabinet faus 

~ ^A and 24 shelves Li, => H 
identify between 14 and 2 ^ identi4ier for an 

60 has two main purposes. (such as 

enclosure 100 location withrn the cabrnet 
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vertical position in distances in units of 3U from the 
bottom of the cabinet 20, 50 and cabinet designation or 
identifier) and provide a communications path between the 
device enclosure EMus 130 in the cabinet 20, 50 that does 
not conflict or compete with the data path 108 to drives 116 
within the enclosures 100. The combination of the shelf 
location and cabinet designation provides complete enclosure 
position information that allows complete mapping or 
visualization of every enclosure 100 on shelves 24, 54 in 
the data storage system 10. 

in the embodiment illustrated in Figure 3, a ten-wire 
arrangement for the cabinet bus 60 is shown with seven wrres 
being dedicated to passively providing the shelf location to 
the side connectors 82 in which enclosure 100 is connected 
15 (such as to EMU 130 via CAN bus controller 156) . As shown, 
two wires are used for a CAN bus 178 and the remaining wrre 
is used as a ground for the cabinet bus 60. The 
"horizontal" portion of the cabinet bus 60 is a stub that 
taps off the "vertical" portion at a specific location for a 
20 single shelf 24, 54. 

More specifically, the cabinet bus 60 is fabricated of 
modular pieces called junction boxes 66. Each junction box 
has four connectors 82, 84, such as RJ-45 connectors. Two 
connectors 82 (side or transverse connectors) are stubs that 
connect to two shelves 24, 54 (as shown with connectors 82, 
84 to shelf 1 and shelf 2 for one junction box 66 and to 
shelf 3 and 4 for the second junction box 66) . The other 
two connectors 82, 84 (end or inline connectors) function to 
enable the junction boxes 66 to be daisy chained to adjacent 
junction boxes 66 with an inter- junction cable 78, 80. In a 
typical cabinet 20, 50, each junction box 66 serves 2 
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shelves (or 6U of height in a 3U spacing arrangement) within 
the cabinet 20, 50. To facilitate operation of the CAN bus 
178, terminating resistors 172, 174 (such as 120 ohm 
resistors) are provided at each end of the active bus 178. 
In one embodiment, the terminating resistors 172, 174 are 
contained in terminating plugs 70, 72 attached to the top 
and bottom junction boxes 66 in the cabinet bus 60. 

The cabinet bus 60 includes a first and second sensing 
group of wires 180, 182 and a selectively grounded wire 184 
that are dedicated to providing shelf identifier or position 
information to the side connectors 82 (and, connected 
enclosures 100). As shown, the first and second groups 180, 
182 include a total of seven wires with the first group 180 
including 4 wires and the second group 182 including 3 
wires. At the bottom terminator 174 (in the bottom of the 
cabinet 20, 50), one wire from each group 180, 182 is 
grounded and the remaining wires in each group 180, 182 are 
left open or ungrounded. The signals from each wire in the 
groups 180, 182 are pulled up (and then combined and 
processed) in each EMU 130 in the shelves 24, 54 via the 
side connectors 82. The illustrated embodiment of cabinet 
bus 60 shows the starting bits (i.e., 7-bit initial ID) of 
an identifier signal being "OOGOOOG" (for open (0) or a 1 
bit and ground (G) or a 0 bit) when the two sensing groups 
180, 182 signals are combined sequentially (group 182 
followed by group 180) . 

An eighth sense wire 184 is provided and added to the 
horizontal stub for each shelf 24, 54 in each junction box 
66 (as shown, twice for each box 66) . The additional sense 
wire 184 provides a binary value (or final bit) that is 
alternately grounded within each junction box 66 to provide 
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a unique shelf identifier (ID) for each sheif 24, 54 within 
a box 66. As shown, the sense wire 184 is grounded on the 
first portion of the junction box 66 at 186 prior to tyrng 
to the side connector 82 but left open in the second portron 
of the junction box 66 prior to tying to the second side 
connector 82. In this example, the first shelf position 
identifier is the 8-bit ID of "OOOGOOGG" when the first and 
second sensing groups 180 and 182 are combined wrth the 
additional sense wire 184. The second shelf positron 
identifier is differentiated by leaving the sensing wrre 
ungrounded and becomes the 8-bit ID of "OOOGOOGO." In 
manner, the passive position sensing method of the present 
invention is able to uniquely identify each shelf 24, 54 
each junction box 66 although the same signal originates 

t Kit- identifier) in the combination of 
(from the starting 7-bit identities 

the two sensing groups 180, 182. 

To provide a unique identifier (e.g., 7-bit identifier) 
to each junction box 66, the passive numbering scheme 
utilizes numbers of wires for groups 180, 182 that are 
relatively prime, such as 3 and 4 in the illustrated 
embodiment. Significantly, the lines within each group 180, 
182 are rotated or crossed-over as shown at 190 and 192 
after the final side connector and at least before the next 
connection to the next junction box 66. In other words, 
each wire in each sensing group 180, 182 is moved one 
position within the group 180, 182 to present a new positron 
code to the next junction box 66 along the cabinet bus 60 
(including a last position to a first position) . For 
example, as shown, the rotation or "next position" movrng of 
the wires in the groups at 190 causes the initial posrtron 
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identifier signal to change from "GOOGOOO" to "0GO0G0O" and 
at 192 to change from "OGO0GO0" to "OOGOOGO." 

in operation, the shelf ID is determined from the 
combined signals of the eight lines (TTL or other lines) of 
the first and second sensing groups 180, 182 and the 
additional sensing line 184 from the cabinet bus 60. The 
use of groupings of 3 and 4 lines (sets 182, 180) combined 
with an alternately grounded eighth line 184 provides 24 
unique identifiers as shown in the table of Figure 4. 
Figure 4 further shows how for each segment of cable 60 
corresponding to a junction box 66 the single binary bit of 
the alternating grounded wire 184 provides two unique shelf 
IDs The larger cabinets 20, 50 generally have heights of 
less than about 42U, and each storage shelf 24, 54 occupies 
3U with a pair of controller shelves/enclosures occupying 
another 3U of the cabinet height. Hence, typical cabinets 
20, 50 contain 14 or less shelves 24, 54 and the 24 shelf 
IDs provided by the illustrated example is more than 
adequate . 

in one embodiment, a shelf ID of "0" is reserved to 
indicate the actual shelf position cannot be determined. 
Shelf IDs of 1 to 14 shown in Figure 4 are used for shelves 
24 54 used for device enclosures 100 and indicate the 
height the shelf 24, 54 is from the bottom of the cabinet 
20 ^50. Shelf ID of "63" is reserved for a cabinet EMU with 
the other shelf IDs being reserved for expansion. As shown 
in the table of Figure 4, the position signal provided by 
the cable 60 can also indicate a cabinet cable 60 is 
disconnected which occurs whenever every wire in either of 
the sensing groups 180, 182 is left open or ungrounded. 
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The enclosure 130 with the CPU 134 can process the 
received shelf ID signal from the side connector 82 to 
quickly look up or otherwise determine the shelf ID (which 
is typically a number of distance unit, such as 3Us, from 
the bottom of the cabinet 20, 50) and convert this to a four 
bit shelf ID (i.e., representing shelf IDs of 1 to 14). The 
cabinet identifier information, such as a cabinet number, 
from the cabinet EMU 86, 88, is unique number and in some 
embodiments is a unique 8-bit number. In operation, the EMU 
130 operates to transmit the shelf ID and cabinet number in 
each message, such as in the message header, to allow the 
receiving device (e.g., the monitoring GUI host 30, 40 or 
another enclosure 100 in another cabinet 20, 50) to quickly 
identify and/or map the physical location of the enclosure 
100 within the data storage system 10 by shelf 24, 54 and 
cabinet 20, 50. Of course, if no message is received from 
an EMU 130, the enclosure 100 is not present or in other 
words, if a shelf ID and cabinet number combination is not 
reported to the GUI host 30, 40 then that location would be 
considered open or available. 

Although the invention has been described and 
illustrated with a certain degree of particularity, it is 
understood that the present disclosure has been made only by 
way of example and that numerous changes in the combination 
and arrangement of parts can be resorted to by those skilled 
in the art without departing from the spirit and scope of 
the invention, as hereinafter claimed. For example, the 
specific number of unique shelf identifiers provided by the 
cabinet bus 60 can readily be varied by changing the number 
of wires in each sensing group 180, 182 and even the number 
of sensing groups 180, 182. Additionally, the use of more 
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than one alternatively grounded sense wire 184 would allow 
the number of unique identifiers for shelves to be 
increased. With the features of the passive position 
sensing method taught in this disclosure, those skilled in 
the art will be able to readily arrive at cabinet bus 60 
configurations that provide unique shelf IDs for numerous 
shelves 24, 54 within a cabinet 20, 50, and these 
arrangements are considered to be fully within the breadth 
of this disclosure and the following claims. 

Figure 5 provides another specific illustration of how 
the teaching of the invention can be readily expanded to 
other than 3U shelf-spacing arrangements. The table in 
Figure 5 illustrates shelf IDs that can be obtained to 
support a 1U shelf-spacing arrangement. As shown, one or 
two bits are grounded in each wiring group (such as groups 
180 and 182) rather than just one as shown in Figure 3 with 
the other lines being left open in the bus 60, 62. The 
illustrated passive identifier scheme supports positioning 
or spacing of 1U within a cabinet having 48 or less shelves. 
Presently, the largest cabinets are 42U in height which can 
readily be supported by this alternative passive wiring 
scheme for cabinet bus 60, 62, but those skilled in the art 
will readily comprehend that the features of the 1U and 3U 
spacing embodiments can be applied to smaller and larger 
cabinets with the same or differing shelf spacing by varying 
the crossover techniques, by utilizing fewer or greater 
sense wires or groups of sense wires, and by using varied 
grounding schemes. 



18 



\\\CS - 68854/188 - H48148 vl 



